Abstract. This paper studies the Shivashinsky equation with periodic boundary conditions using the finite difference and the wavelet-Galerkin discretization. It is proved that the schemes are uniquely solvable.
Introduction
We consider the nonlinear evolutionary problem governed by the famous Sivashinsky equation [13] modeling a planar solid-liquid interface for a binary alloy. We propose some numerical approximations based on the order reduction method to solve the following periodic-value problem. (1) where is a real-valued function 1-periodic in the space, is a given 1-periodic function,
− . Such problem and analogous versions have been the object of many studies especially those dealing with numerical approaches. This is due to the relationship of such problems with natural, physical, chemical phenomena… For an interesting review on such subjects and applications we refer to [3] , [8] - [11] , [14] - [17] , where numerical interests on wind ripple, Sivashinsky equation, shock wave, viscus pumps, hydropulser mechanisms, electrospinning and dendrite grouth 1 To whom any correspondence should be addressed. were provided. In the present paper, we use a reduction order procedure. We then set
So, problem (1) will be transformed to the following splitting equivalent system.
with the boundary and initial conditions
We develop a semi-implicit finite difference scheme and wavelet-Galerkin approximation.
Finite difference method
Let M and be integers. We fix a space step , ,..., ,...
and .
We shall also use the discrete inner product 
This yields a matrix form
given. 
Theorem 2.1 1. The system (3) has a unique solution.
2. Suppose that the solution u of (2) The proof of the first point is based on the theory of circulant matrices. We transform the system (4) into a circulant invertible-matrix equivalent system. The second point is based on Taylor error truncations and some technical computations. 
Wavelet-Galerkin approach
(0,1); , .
The wavelet-Galerkin approximation of the solution ( , at the scale J is ) u v 
We then obtain a cicrulent matrix system of the form 
